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USB 

This invention relates to the use of an agent that inhibits the activity of an enzyme 
which mediates repair of single strand breaks in DNA in the treatment of certain 
5 fonns of cancer in particular breast cancer. 

Homologous ^ccratoiniStion (HR) has been shown to play an important role in 
repair of damage occurring at DNA implication forks in mammalian cells (2). Thus, 
cells deficient in HR show retarded growth and exhibit higher level of genetic 
10 instability. It is believed thai genetic instability due to loss of HR repair in human 
cancers significantly contributes to the development of cancer in these cells (1). 

Post tacnscriptional modification of nuclear proteins by poly(ADP-ribosyl)ation 
(PARP) in response to DNA strand breaks plays animportant role in DNA repair, 
1 5 regulation of apoptosis, and maintenance of genomic stability. 

Pply(ADP-nT30$e) Polymerase (PARP-1) is an abundant nuclear protein in 
mammalian cells that catalyses the formation of poly(ADP-r!bose) (PAR) polymers 
using NAD* as substrate. Upon DNA damage, PARP-1 binds rapidly to a DNA 
20 single-strand break (SSB) and catalyses the addition of negatively charged PAR 
chains to itself (automodification) and other proteins (see (3, 4) for reviews). The 
binding of PARP-1 to SSBs is believed to protect DNA lesions from further 
processing ttttfil PABP-1 is dissociated from the break by the accumulated negative 
charge resulting from PAR polymers (5,6). 

25 

Although PARP-1 has been implicated in several nuclear processes, such as 
modulation of ohromatm structure, DNA replication,, DNA repair and transcription, 
PARP-1 knockout mice develop normally (7). Cells isolated from these mice exhibit 
a hyper recombination pheuotype and genetic instability in the form of increased 
30 Levels of SCE, microiraolei and tetrapioidy (8-10). Genetic instability may also occur 
in these PARP-1 knockout mice through telomere shortening, increased frequency of 
chromosome fusion and aneuploidy (11), although all of these results could not be 
repeated in another set of PARP-1 knock-out mice (12). In the former mice knockout, 
PARP-1 null mutation rescue impaired V(D)J recombination in SCID mice (13). 
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These results support the view suggested by Lindahl and coworkers foat PARP-1 Has 
a protective role against recombination (5). They proposed foat binding of PARP-1 to 
ssDNA breaks prevents the recombination machinery from recognizing and 
processing DNA lesions or, alternatively, that me negative charges accumulated 
5 following poly ADP-rfoosylation repel adjacent recombinogenic DNA sequences. 
Only the latter model is consists* with inhibition of PARP-1 itself and expression of 
a dominant negative mutant PARP-1> inducing SCE, gene amplification and 
homologous recombination (HR. [14-18]). 

10 Studies based on treating cells with inhibitors of PARP-1 or cells derived from PARP- 
1 loioefcout mice indicate that the suppression of PARP-l activity increases cell 
susceptibility to DNA damaging agents and inhibits strand break rej ouung (3, 4, 8-11, 
19,20). 

IS Inhibitors of PARP-1 activity have been used in combination with traditional anti- 
cancer agents such as radio therapy and chemotherapy (21). The inhibitors were used 
in combination wifo. meraylating agents, topoisomerase poisons and ionising 
radiations and were found to enhance the effectiveness of these forms of treatment. 
' Suoh treatments, however, arc known to cause damage and death to non cancerous or 

20 "healthy" cells and are associated with unpleasant side effects. 

There is merefore a need for a treatment for cancer that is both effective and selective 
in the kilting of cancer cells and which does not need to be administered in 
combination with radio or chemotherapy treatments. 

25 

The present inventors have surprisingly found that cells deficient in homologous 
recombination (HR) are hypersensitive to inhibitors of PARP-1 as compared to wild 
type cells. This is surprising since PARP-1 knockout mice live normally. 

30 According to a first aspect of the invention mere is provided the use of an agent which 
mhibits the activity of an ensyme which mediates repair of single strand breaks in 
DNA in the manufacture of a medicament for foe treatment of diseases/conditions 
which are caused by a genetic defect in a gene which mediates homologous 
recombination. 
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Jh a further aspect the invention provides a method of treatment of a disease or 
condition in a mammal, tooludtog human, which is caused by a genetic defect in a 
gene which mediates homologous recombination, which method comprises 
5 admmifitering to the mammal a therapeutically effective amount of an agent which 
inhibits the activity of an enzyme which mediates repair of single strand breaks in 
DNA. 

to a preferred aspect said enzyme is PARP. to a further preferred aspect said agent is 
10 a PARP inhibitor or an RNAi molecule specific to PARP gene. 

to a former preferred aspect, the use is in the treatment of cancer wherein the cancer is 
caused by a genetic defect in a gene which mediates homologous recombination. 

15 Preferably the medicament is a pharmaceutical composition consisting of the PARP 
inhibitor in combtoalionwith apharmaceutically acceptable carrier or diluent 

The specific sensitivity of HR tumours to PARP-1 tohtomon means mat normally 
div iding cells in me patient will be unaffected by me treatment. Treatment of HR 
20 defective cancer cells using a PARP mhibitox also has the advantage that it does not 
need to be administered as a combination therapy along with conventional radio or 
I chemotherapy treatments thereby avoiding the side effects associated with these 

conventional forms of treatment. 

25 A genetic defect in a gene which mediates homologous recombination may be due to 
~ "' " a ntutation in, the absence of/or defective expression ot agene encoding a protein - 
involved in HR. 

In a further aspect, the invention further provides the use of a PARP inhibitor to the 
30 manufacture of a medicament for inducing apoptosis in HR defective cells. 

to another aspect the invention provides a method of inducing apoptosis to HR 
defective cells to a mammal which method comprises admtoistertog to the mammal a 
fiierapeutically effective amount of a PARP inhibitor. By causing apoptosis in HR 
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defective cells it should db possible to reduce or halt the growth of a tumour in fee 
Preferably, ike HR defective cells are cancer cells. 

Cancer cells defective in HR may partially or totally deficient in HR. Preferably fee 
cancer cells are totally deficient in HR. 

The term "cancer" or "tumour 4 ' includes cancer of fee lung, colon, pancreatic, gastric, 
ovarian, cervical, breast or prostate cancer. In a preferred aspect, fee cancer is in a 
mammal, preferably bumam 



The cancer to be treated maybe an inherited form of cancer wherein fee patient to be 
Heated has a famili al predisposition to the cancer. Preferably, the cancer to be treated 
1 5 is gene-linked hereditary cancer. In a preferred embodiment of fee invention fee 
cancer is gene-linked hereditary breast cancer. 

In a preferred aspect, fee FARP inhibitor is useful in fee treatment of cancer cells 
defective in fee expression of a gene involved feHR. Genes wife suggested function in 
20 HR include XRCC1, ADPRT (PARP-l), ADPRTL2 (PARP-2), CTPS, SPA, RPA1, 
RPA2, RPA3, XPD, ERCC1, XFF, MMSI9, RAD51, RAD51B, RAD51C, RAD51D, 
DMC1, XRCC2, XRCC3, BRCA1, BRCA2, RAD52, RAD54. RAD50, MREU, 
NBS1, WRN, BLML, Ku70, Ku80, ATM, ATR, chkl, chk2, FANCA, PAKCB, 
FANCC, FANCD1, FANCD2, FANCE, FANCF, FANCG, RAD1, RAD9 (see (2, 3, 
25 5, 22-28) for reviews). 

A gene involved in HR may be a tumour suppressor gene. The invention feus provides 
for the treatment of cancer cells defective in fee expression of a femour suppressor 
gene. Preferably, the tumour suppressor gene is BRCA1 or BRGA2. 



30 



Breast cancer is fee most common cancer disease among women in fee Western world 
today. Certain families have strong predisposition for breast cancer, which is often 
owing to an inherited mutation in one allele of either BRCAl or BRCA2. However, 
these patients still maintain one functional allele. Thus, these patient develop normally 
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and have no phenotypic consequence from this mutation, However, in one cell, the 
functional allele might be lost, making this cell cancerous and at the same time 
deficient ^homologous recombination (HR). This step is critical for the onset ofa 
tumour [1]. 

5 

The present inventors have surprisingly found thai BRCA2 deficient cells are 1 00 
times more sensitive to the PARP-1 inhibitor, NU1025, than wild type cells. 

Thus in a preferred aspect, the invention provides the use of a PARP inhibitor in the 
10 manufacture of a medicament for the treatment of cancer cells defective in BRCAl 
and/car ERCA2 expression. 

The cancer cells to be treated may be partially or totally deficient in BRCAl or BRCA2 
expression. BRCAl and BRCA2 mutations can be identified using multiplex PCR 
15 techniques, array techniques (29, 30) or using other screens known to the skilled person. 

PART inhibitors useful in the present invention may be selected from inhibitors of 
P ARP-1, PARP-2, PARP-3, PARP-4, tankyrase 1 or tankyrase 2 (see 31 for a review), 
to a preferred embodiment, the PARP inhibitor useful to the present invention is an 
20 inhibitor of PARP-1 activity. 

P ARP inhibitors useful to toe present invention include ber^midazole-carboxamides, 
qrrni32olin-4-[3H] -ones and isoquinoltoe derivatives (e.g.2-(4- 
hydroxyphenyl)ben^rmclazole^-carbojiiamide (NU10S5), 8-hydroxy-2- 
25 rnetoylqutoazolto-4-[3H]one (NU1025); ©(SH^heiiaitomdmone; 3 amtoobenzamide; 

"AG14361; henztoii^ CBZHO and tricyclic lactam todoles^ni- 

5) [32]. Further inhibitors of PARP may be identified either by design [33] or the 
novel FlashPlate assay [34]. 



30 The PARP inhibitor formulated as a pharmaceutical composition may be administered 
to any effective, convenient manner effective for targeting cancer cells including, for 
instance, administration by oral, intravenous, totramuscular, intradermal, intranasal, 
topical routes among others, Carriers or diluents useful in the pharmaceutical 
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position may include, but are not limited to saline, buffered saline, dextrose, 
water, glycerol, ethanol and combinations thereof. 



comi 



In therapy or as a prophylactic, the active agent may be administered to an individual 
5 as an injectable composition, for example as a sterile aqueous dispersion. The 

inhibitor may be administered directly to a tumour or maybe targeted to the tumour 
via systemic administration. 

A therapeutically effective amount of the inhibitor is typically one which is sufficient 
10 to achieve the desired effect and may vary according to the nature and severity of the 
disease condition, and the potency of the inhibitor. It will be appreciated that different 
concentrations may be employed tor prophylaxis than for treatment of an active 
disease! 

15 For administration to mammals, and particularly humans, it is expected that the daily 
dosage level of the active agent will be from 0.01mg/kg to 10 mg/kg body weight, 
typically up to 0.1, 05, 1.0, 2.0 or 5.0 mg/kg body weight. Ultimately, however, the 
amount of inhibitor administered and the frequency of administration will be at foe 
discretion of a physician. 

20 

A therapeutic advantage of using PARP inhibitors to treat cancer cells is that only 
very low doses ate needed to have a therapeutic effect in treating cancer thereby 
reducing systemic build up of foe inhibitors and any associated toxic effects. 

25 A preferred aspect of the invention provides an agent which is an inhibitory KNA 
(RNAi) molecule. 

A technique to specifically ablate gene function is through foe introduction of double 
stomded RNA, also referred to as inhibitory KNA (RNAi), into a cell which results in 
30 the destruction of mRNA complementary to foe sequence included in foe RNAi 
molecule. The RNAi molecule comprises two complementary strands of KNA (a 
sense strand and an antisense strand) annealed to each other to form a double stranded 
JSNA molecule. The RNAi molecule is typically derived from exonic or coding 
sequence of foe gene which is to be ablated. 
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Preferably said JRNAi molecule is derived from the nucleic acid molecule comprising 
a nucleic acid sequence selected from the group consisting of: 

a) a nucleic acid sequence as represented by the sequence in Figure 5 ? 6 9 7, 8, 
5 9 ot 10, or fragment thereof; 

b) a nucleic acid sequence which hybridises to the nucleic acid sequences of 
Figure 5. 6 9 7, 8, 9 or 10 and encodes a gene for FARP; 

c) a nucleic acid sequence which comprise sequences which are degenerate 
as a result of the genetic code to the nucleic acid sequences defined in (a) 

10 and(b). 

Recent studies suggest that RNAi molecules ranging from 100-1000bp derived from 
coding sequence axe effective inhibitors of gene expression. Surprisingly, only a few 
molecules of RNAi are required to block gene expression which implies the 
15 mechanism is catalytic. The site of action appears to be nuclear as little if any BKAi 
is detectable in the cytoplasm of cells indicating that KNAi eacerts its effect during 
mKNA synthesis or processing. 



The exact mechanism of KMAi Action is unknown although there are theories to 
20 explain this phenomenon. For example* all organisms have evolved protective 
mechanisms to limit the effects of exogenous gene expression. For example, a virus 
often causes deleterious effects on the organism it infects. Viral gene expression 
and/or replication tftsrefrre needs to be repressed, hi addition, the rapid development 
of genetic transformation and the provision of transgenic plants and animals has led to 
25 the realisation that transgenes are also recognised a* foreign nucleic acid and 
subjected to pfierioinena variously " called -quelling (Singer and- Selker 8 1995), gene 

silencing (Matzke and Matzke, 1998) , and co-suppression (Stam et aL 9 2000). 

« 

Initial studies using RNAi used the nematode Caenothabditis elegans. RNAi injected 
30 into the worm resulted in the disappearance of polypeptides corresponding to the gene 
sequences comprising the RNAi moleoule(Montgomery et- aL, 1998; Fire et. al., 
1998). More recently the phenomenon of RNAi inhibition has been shown in a 
number of eukaryotes including, by example and not by -way of limitation, plants, 
trypanosomes (Shi et. aL, 2000) Prosvphila spp. (Kennerdell and Carthew, 2000). 
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Recent experiments have shown that RNAi may also function in higher eukaryotes. 
For example, it has been shown that RNAi can ablate c-mos in a mouse ooctye and 
also B-cadherin in a mouse preimplanation embryo (Wianny and Zemioka-Goetz, 
2000). 

5 

More preferably said RNAi molecule according has a length of between 10 nucleotide 
bases (nb) -lOOOnb. Even more preferably said RNAi molecule has a length of lOnb; 
20nb; 30nb; 40nb; SCtob; 60nb; 70nb; 8Qnb; 90nb; or lOObp. Even more preferably 
still said RNAi molecule is 2lnb in length. 

10 

Even more preferably still the RNAi molecule comprises the nucleic acid sequence 
aaa age cau ggu gga gua uga (PARP-1) 

Even more preferably still the RNAi molecule consists of the nucleic acid sequence 
15 aag acc aau cue ucc agu oca ac (PARP-2) 

Even more preferably still the RNAi molecule consists of the nucleic acid sequence 
aag acc aac auc gag aac aao (PARP-3) 

20 The RNAi molecule may comprise modified nucleotide bases. 

Preferred features of each aspect of the invention ate as for each of the other aspects 
mutatis mutandis. 

25 The present invention will now be described by way of example only with reference 
to the accompanying figures, wherein: 

Figure I is a graph demonstrating that HR deficient cells are hvpersensiiive to the 
toxic effect caused by inhibition of PARP-1. Colony outgrowth of the Chinese 
30 hamster cell lines AAS (wild-type), taslSF (deficient in HR[4]), CXR3 (hslSF 
complemented with XRCC3 [2]), V79 (wild-type), irsl (deficient in HR[5]) or 
irs 1X2.2 (irsl complimented with XRCC2 [1]) upon exposure to 3-AB (A), 1SQ (B) 
or NU1025 (C). The means (symbols) and standard deviation (bars) of at least three 
experiments are shown. Colony outgrowth assay was usedi 
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Figure 2 is a gjaph showing cell survival in the presence of PARP inhibitor NU1025 
fa wt V79 colls, BRCA2 deficient VC-S cells and VC-8 cells complimented with 
Actional BRCA2 gene (VC-8#13, VC-8+B2). Colony outgrowth assay was used; 

5 

Figure 3 is a graph showing cell survival in the presence of PARP inhibitor AG14361 
in wt V79 cells, BRCA2 deficient VC-8 cells and VC-8 cells complimented with 
functional BRCA2 gene (VC-S#13, VC-8+B2); 

10 Figure 4 is a histogram showing the percentage of the cells in apoptosis following a 
72 hour incubation with NU102S; 

Figure 5 is the human cDNA sequence of PARP- i; 

15 Figure 6 is the human cDNA sequence of PARP-2; 

Figure 7 is the human cDNA sequnce of PARP-3; 

Figure 8 is the human gDNA sequnce of Tankyrase 1 ; 

20 

Figuxe 9 is the human mRNA sequnce of Taukyra$e 2; 
Figure 10 is the human mRNA sequnce of VPARP; 
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EXAMPLES, 

ItfoTnologous recombination deficie n t cells are hypersensitive to PARP-TL ipMbjtioq 

To investigate me involvement Of HR in cellular responses to inhibition ofPARP- 
5 1, the effects of PARP-1 inhibitors on the survival" of HR repair deficient cell lines 
were studied. It was found that cells deficient in HR (i.e., irslSF which is defective in 
XRCC3 or irsl which is defective in XRCC2 [see Table 1] were very sensitive to the 
toxic effect of 3-aminobenzamide (3-AB) and to two more potent inhibitors of PARP- 
1: 1,5-dihydroxyisoqmnoline (ISQ; [37]) or 8-hydroxy-2-mefliyl<iuinazolittone 
10 (NU1025 [38, 39]) (Figure 1). The sensitivity in irslSF cells to 3-AB, ISQ oi 
NU102S was corrected by the introduction of a cosmid containing a functional 
XRCC3 gene (CXR3 ). Similarly, the sensitivity in irsl cells to 3-AB, ISQ or 
NU102S was corrected by the introduction of a cosmid containing a functional 
XR.CC2 gene (irslX2.2). 

15 

^•RCA2 deficient cells are hypersensitive to PARP-1 mhibition 

The survival of BRCA2 deficient cells (VC8) and wild type cells (V79Z) in the 
presence of inhibitors of PARP-1 was investigated. It was found that VC8 cells are 
very sensitive to the toxic effect of NU1025 (Figure 2) or AG14361 (Figure 3). The 
20 sensitivity in VC8 cells was corrected by the introduction of a functional BRCA2 
gene either on chromosome 13 (VC8#13) or on an overexpression vector (VC8+B2). 
This result demonstrates that the sensitivity to PARP-1 inhibitors is a direct 
consequence of loss of the BRCA2 function. 

To investigate if mhibition of PARP-1 triggers apoptosis in BRCA2 deficient cells, 
25 the level of apoptosis 72 hours following exposure to NU1025 was investigated. It 
was found that NUl 025 triggered apoptosis only in VC8 cells, showing that loss of 
PARP-1 activity in BRCA2 deficient cells triggers this means of death (Figure 4). 
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Table 1. Genotype and origin of cell lines \ised in this study, 



Cell line 


Genotype 


Defect 


Origin 


Referee 


AAS 


wt 


wt 


CHO 


[41] 


iislSF 


XRCC3T 


XRCC3", deficient in HR 


AA8 


[41] 


CXR3 


XRCC3T 


wt 


iislSF 


[41] 




+ hXRCC3 








V79-4 


wt 


wt 


V79 


[40] 


ksl 


XRcar 


XRCC2", deficient in HR 


V79-4 


[40] 


irt 1X2.2 


XRCCT 


wt 


ixsl 


[40] 




+ hXRCC2 








V79-Z 


■wt 


wt 


V79 


[42] 


VC8 


BRCA2T 


BRCA2", deficient in HR 


V79-Z 


[42] 


VC8#13 


BRCA? 


wt 


VC8 


[42] 




+kBRCA2 








VC8+B2 BRCAT 


wt 


VC8 


[42] 



+HBRCA2 



11 



25. JUL. 2003 17:57 HARRISON GODDARD MO. 758 P, 1 



jMatgaate and Methods 

rsutnfrwtattv r>f BK.CA 2 cells to PABP inhibitors 
5 Cell culture 

The irsl, irslX2.1 and V79-4 cell lines were a donation from John Thaoker [40] and 
the AA8, iislSF and CXR3 cell lines were provided by Larry Thompson [41]. 

The VC-8, VOS+B2, VC-8#13 were a gift from Malgorzata Zdzietticka [42]. Ail cell 
10 lines in this study were grown in Dulbeeeo's modified Eagla'a Medinm (DMEM) 
witib 10% Foetalbovine serum and penicillin (100 U/tnl) and streptomyciri sulphate 
(100 p.g/mL) at 37°C under an atmosphere contajntog 5% COa- 

Toxicity assay - colony outgrowth e$&ay 

15 500 cells suspended in medium were plated onto a Petri dish 4 hours prior to the 
addition of 3-AB, ISQ or MU1025, ISQ and NU1025 were dissolved in DMSO to a 
final concenixation of 0.2% in treatment medium. 7 - 12 days later, when colonies 
could be observed, these colonies were fixed and stained with methylene blue in 
methanol (4 g/1). Colonies consisting of more than 50 cells were subsequently 

20 counted. 

Toxicity assay - clonog&iic survival assay 

Exponentially growing cells in 6-well plates were exposed to AG14361 to 1% DMSO 
or 1% DMSO alone in medium for 24 hours. 
25 The cells were harvested by teypsinisa&on, counted and seeded at varying densities in 
10 cm dishes in fresh medium in toe absence of drug for colony formation. 
7-1 0 days later the dishes were fixed with methanolracetic acid 3:1 and stained with 
0.4% crystal violet 

Colonies were counted and the survival relative to l%DMSO control treated cells 
30 . calculated, 
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Apo ptosis era eriments 

0.25x10* cells were plated onto Petri dishes and grown for 4 hours before treatment 
with NU1 025. After 72 hours, cells were trypsinozed and resuspended with medium 
containing any floating cells from mat sample. The cells were pelleted by 
5 centtifogation and resuspended for apoptosis analysis with FITC-conjugated annexm- 
V and propidium iodine (PI) (ApoTatget, Biosource International) according to 
inatnifacturer's protocol. Samples were analysed by flow cytometry (Becton- 
Dickenson FACSort , 488 am laser), and percentage of apoptotic cells was determined 
by the fraction of live oells (Pi-negative) bound wim FITC-conjugated annexin-V. 

10 



i 



13 



25. JUL 2003 17:58 HARRISON GODDARD 



NO. 758 P. 19 



REFERENCES: 



[1] 



AJL Vejjlcitaiaman Cancer susceptibility and the amotions of BRCAl and 
5 BRCA2, Cell 108 (2002) 171-182. 

[2] C. Luadin, K. Brixon, C. Atnaudeau, N. Scbcte, D. Jenssen, M. Meuth and T. 
Helleday Different soles for nonhomologous end joining and homologous 
recombination following replication arrest in mammalian cells, Mol Cell Biol 
22 (2002) 5869-5378. 
1 0 [3] E>. D'Amours, S. Desnoyera, 1. D'Silva and G.G. Poiiier Poly(ADP- 

riboayl)ation reactions in the regulation of nnolear functions, Biocfcem J 342 
(1999)249-268. 

[4] Z. Herceg and Z.Q, "Wang Functions of poly(ADP-Tibose) polymerase (PARP) 
in DNA repair, genomic integrity and cell death, Mutat Res 477 (2001) 97- 
15 110. 

[5] T. LindaW, M.S. Satoh, G.G. Poirier and A. Klungland Post-translaticmal 

modification of poly(ADP-ribo$e) polymerase induced by DNA strand breaks, 
Trends Biochem Sci20 (1995) 405-411, 
[6] M.S. Satofc and T. Lindahl Role of poly(ADP-ribose) formation in DNA 
20 repair, Nature 356 (1992) 356-358. 

[7] S. Shall and G. de Muroia Poly(ADP-ribose) polymerase-l : what have we 
learned from the deficient mouse model?, Mutat Res 460 (2000) 1-15. 
Z.Q. Wang, L. Stingi, C, Morrison, M Jantsch, M. Los, K. Schulze-Qsthoff 
and E.F. Wagner PARP is important for genomic stability but dispensable in 
25 apoptosis, Genes Dev 1 1 (1997) 2347-2358. 

[9] CM, Simbulan-Rosenthal, B.R. Haddad, D.S. Rosenthal, Z. Weaver, A. 
Coleman, R. Luo, H.M. Young, 2LQ. Wang, T, Ried andM.E. Smulson 
Chromosomal aberrations inPARP(-/-) mice: genome stabilization in 
immortalized cella by leintroductton of poly{ADP-ribose) polymerase cDNA, 
30 Proc Natl Acad Soi USA 96 (1999) 13191-13196. 

[101 J-M. de Murcia, C. Niedergang, C. Trucco, M. Ricoul, B. Dutefflaux, M. Mark, 
FX Oliver, M. Masson, A, Dierich, M, LeMeur, C. Walztinger, P* Chambon 
and G. de Mracia Requirement of poly(ADP-ribose) polymerase in recovery 



[8] 



14 



25. JUL. 2003 17:58 HARRISON GODDARD MO. 758 P. 20 



from DNA damage in mice and in cells, Proo Natl Acad Sci U S A 94 (1997) 
7303-7307. 

[11] F. d'Adda di Fagagna, M.F. Hands, W.M- Tong, P.M. Lansdorp, Z.Q. Wang 
and S.P- Jackson Functions of poly(ADP-ribose) polymerase in controlling 
5 telomere length and chromosomal stability, Nat Genet 23 (1999) 76-80. 

[12] B. Samper, F,A, Goytisolo, J. Me&issier-de Murcia, E. Gonzalez-Suaiez, J .C, 
Cigudosa, G. de Murcia and MA. Blasco Normal telomere length and 
chromosomal end capping in poly(ADP-ribose) polymerase-deficient mice and 
primary cells despite increased chromosomal instability, J Coll Biol 154 
10 (2001)49-60. 

[13] C Morrison, G.C Smith, L. Stingl, S.P. Jackson, E.F; Wagner and Z.Q. Wang 
Genetic interaction between P ARP and DNA-PK id VCD) J recombination and 
tumorigenesis, Nat Genet 17 (1997) 479-482. 
[14] V. Schraber, D. Huntmg, C. Tru^ 
15 and J.M. De Murcia A dominant-negative mutant of human poly(ADP-riboae) 

polymerase affects cell recovery, apoptosis, and sister chromatid exchange 
following DNA damage, Froe Natl Acad Sci U S A 92 (1995) 4753-4757. 
[15] J.H. Kupper, M Muller and A Burkle Trans-dominant inhibition of 

poly(ADP~ribosyl)afion potentiates carcinogen induced gene amplification in 
20 SV40-transformed Chinese hamster cells, Cancer Res 56 (1996) 2715-2717. 

[16] J. Magnnason and C. Ramel Inhibitor of poIy(ADP-ribose)iransferase 

potentiates the reoombinogenic but not the mutagenic action of alkylating 
agents in somatic cells in vivo in Drosophila melanogaster, Mutagenesis 5 
(1990)511-514. 

25 [17] A.S. Waldman and B.C. Waldman Stimulation of intrachromosomal 

homologous recombination in mammalian cells by an hihibitor.of poly(ADP- _ . . 

ribosylation), Nucleic Aoids Res 19 (1991) 5943-5947. 
[18] A Semionov, D. Cournoyer and T.Y. Chow Inhibition of poly(ADP- 

ribose)polymeraae stimulates extracbtcwnoBomal homologous recombination in 
30 mouse Dtlfr-nbroblasts, Nucleic Acids Rea 27 (1999) 4526-4531. 

[19] 7. Dantzer, V. Schreiber, C. Niedcrgang, C. Trucco, E. Flatter, G. De La 
Rubia, J. Oliver, V. Rolli, J. Meniseier-de Murcia and G. de Murcia 
Involvement of poly(ADP-riboae) polymerase in base excision repair, 
Bioclrimie 81 (1999) 69-75, 



15 



25. JUL. 2003 17:58 



HARRISON GODDARD 



NO. 758 



P. 21 




[20] P. Dantzer, G. do La Rubia, J. Menissier-De Murcia, Z. Hostomsky, G. de 

Murcia and V. Schreiber Base excision repair is impaired in mammalian cells 
lacking Poly(ADP-ribose) poiymerase-1, Biochemistry 39 (2000) 7559-7569. 

[21] L. Tentori, I Portarena and G. Graziani Potential clinical applications of 



73-85. 

[22] T. Lindahl and RJD. Wood Quality control by DNA repair, Science 286 (1 999) 
1897-1905. 

[23] K.W. Caldecott DNA single-strand break repair and spinocerebellar ataxia, 



[24] D . D' Amours and S P. Jackson The Mrel 1 complex: at the crossroads of dna 
repair and checkpoint signalling, Nat Rev Mol Cell Biol 3 (2002) 317-327. 

[25] A.D. D'Andrea and M. Grompe The Fanconi anaemia/BRCA pathway, Nat 
Rev Cancer 3 (2003) 23-34. 
15 [26] S .P- Jackson Sensing and repairing DNA double-strand breaks, Carcinogenesis 
23 (2002) 687-696. 

[27] R. Kanaar, JJL Hoeijmakers and D.C. van Gent Molecular mechanisms of 

DNA double strand break repair, Trends Cell Biol 8 (1998) 483-489. 
[28] D.C. van Gent, J.H. Hoeijmakers and R. Kanaar Chromosomal stability and 
20 the DNA double-stranded break connection, Nat Rev Genet 2 (2001) 196-206. 

[29] S.L. Neuhausen and E .A. Ostrander Mutation testing of early-onset breast 

cancer genes BRCA1 andBRCA2, Genet Test 1 (1997) 75-83. 
[30] G. Kuperstein, W.D. Foulkes, P. Ghadiiian, J. Hakhni and S A. Narod A rapid 

fluorescent multiplex ed-PCR analysis (FMPA) for founder mutations in the 
25 BRCA1 and BRCA2 genes, Clin Genet 57 (2000) 213-220. 

[31] A Chiarugi Poly(ADP-ribose) polymerase: killer or conspirator? The Woide 

hypothesis' revisited, Trends Pharmacol Sci 23 (2002) 122-129. 
[32] CR. Calabrese, M.A, Batey, H.D. Thomas, B.W. Durkacz, L.Z. Wang, S. 

Kyle, D. Skalittky, J. Li, C. Zhang, T. Boritzki, K. Maegley, AJEL Calvert, Z. 
30 Hostomsky, D.R. Newell and N.J. Curtin Identification of Potent Nontoxic 

Poly(ADP-Ribose) Polymerase- 1 Inhibitors: Chemopotentiation and 

Pharmacological Studies, Clin Cancer Res 9 (2003) 2711-2718. 
[33] D. Ferraris, Y.S. Ko, T. Pahutaki, RP. Ficco, L, Serdyuk, C, Alemw, C, 

Bradford, T. Chiou, R Hoover, S. Huang, S. Lautar, S. Liang, Q. Lin, M.X. 



5 



poly(ADP-ribose) polymerase (PARP) inhibitors, Pharmacol Res 45 (2002) 



10 



Cell 112 (2003) 7-10. 



16 



25. JUL 2003 17: 59 HARRISON GODDARD NO. 758 P, 22 



Lu, M. Mooney, L. Morgan, Y. Qian, S. Tran, L.R. Williams, Q.Y. Wu, J. 

Zhang, Y. Zou and V. Kalish Design and synthesis of poly ADP-ribose 

polymera$e-l inhibitors. 2. Biological evaluation of a^a-5CT-pherianfkridiii-6- 

ones as potent, aqueous-soluble compounds for the treatment of ischemic 
5 injuries, J Med Chem 46 (2003) 3138-3151. 

[34] KJ. Dillon, G.C. Smith and N,M. Martin A FlashPlate assay for the 

identification ofPARP-1 inhibitors, J Biomol Screen 8 (2003) 347-352. 
[35] A J, Pierce, ILD. Johnson, L,H, Thompson and M. Jasin XRCC3 promotes 

hoxnology-directed repair of DNA damage in mammalian cells. Genes Dev 13 
10 (1999)2633-2638. 

[36] R.D. Johnson, N, Liu and M. Jasin Mammalian XRCC2 promotes the repair of 

DNA double-strand breaks by homologous recombination, Nature 401 (1999) 

397-399. 

[37] G.M. Shah, D. Poftier, S. Desaoyore, S. Saifct-Martin, J.C. Hoflaok, P. Rong, 
15 M. ApSimon, LB. Kirkland and G>G. Poirier Complete inhibition of 

poly(ADP-ribose) polymerase activity prevents the recovery of C3H10T1/2 
cells from oxidative stress* Biochim Biophys Acta 1312 (1996) 1-7. 
[38] RJ. Griffin, S. Srtnivasan, K. Bowman, A.H, Calvert, NJ. Curtin, D JR., 

Newell, LiC. Pemberton and B,T. Golding Resistance-modifying agents, 5, 
20 Synthesis and biological properties of quinazoliaone inhibitors of the DNA 

repair enzyme poly(ADP-ribose) polymerase (PARP), J Med Chem 41 (1998) 
5247-5256. 

[39] 3. Boulton, L.C. Peanberton, JJBL Porteous, NJ. Curtin, RJ. Griffin, B.T. 

Golding and B.W. Durkacz Potentiation of temozolomide-induced 
25 cytotoxicity: a comparative study of the biological effects of poly(ADP-ribose) 

polymerase inhibitorsjf Br J-Cancer 72 (1995) 849-856. 

[40] C.S> Griffin, P J. Simpson, CR. Wilson and J. Thacker Mammalian 

recombination-repair genes XRCC2 and XRCC3 promote correct chromosome 

segregation, Nat Cell Biol 2 (2000) 757-76L 
30 [41] R.S. Tebbs, Y. Zhao, J.D. Tucker, JJB. Seheerer, M J. Siciliano, M. Hwang, N. 

Liu, RJ. Legerskt and LJEI. Thompson Correction of chromosomal instability 

and sensitivity to diverse mutagens by a cloned cDNA of the XRCC3 DNA 

repair gene, Proc Natl Acad Sex U S A 92 (1995) 6354-6358. 



17 



25. JUL. 2003 17:59 HARRISON GODDARD NO. 758 P. 23 



[42] M. Kiaakman-van dear Zwet, W J. Overkamp, R.E, van Lsage, Essers > A " 
van Duijn-Goedhart, t Wig** B. Swanunathan, PJ». van Bad. A. Errami. 
R.T. Tan, N-G. Jaspers, SX. Sharan, R- Kanaar andM.Z. ZdztaniokaBwa2 
(XRCC1D deficiency results in radioresistant DNA synthesis and a higher 
5 frequency of spontaneous deletions, Mol Cell Biol 22 (2002) 669-679. 



IS 



25. JUL. 2003 17:59 HARRISON GODDARD NO. 758 P. 24 

Figure 1. 




0.001 T ■ T 1 ' 1 ' 1 

0 60 100 150 200 
NU1025 (pM) 



5 



19 




20 



25. JUL. 2003 17:59 



HARRISON 60DDARD 



NO. 758 P. 26 




25. JUL 2003 17:59 



HARRISON GODDARD 



NO. 758 P. 27 




22 



25. JUL 2003 18:00 HARRISON GODDARD 



10 



15 



20 



25 



30 



35 



40 



45 



NO. 758 P. 28 



FIGURE 5 



57 \3> 



SO 



1 cgoccgccca gcceeggggg cagggaaagc ctaaattacg gaattaccgc gagcaaggag 
61 cgcggaatcg gggagcgtoc ggagctagot ggatootcta ggcaggatgg tgatgggaat 
121 ctttgcaaat tgtatottct gtttgaaagt gaagtactta cctoagcagc agaagaaaaa 
181 gctacaaact gacaltaagg aaaatggcgg a&agttttcc ttttcgttaa alcotcagtg 
241 eacacatata atettagata atgctgatgt tctgagfctag taooaaotg^i attctatcca 
301 aaagaaacac gttcatattg caaacccaga ttttatatgg aaatotatea gagaaaagag 
• 361 actcttggat gtaaagaatt atg&tcctta taagcccctg gacatoacae cacctcctga 
421 tcagaaggcg agcagttotg aagtgaaaao agaaggtcta tgcccggaca gtgccacaga 
481 ggaggaagac actgtgg&ac tcactgagtt tggtatgcag aatgttgaaa ttcctcatct 
541 tcctaa&gat tttgaagttg caaaatataa caccttggag aaagtgggaa tggagggagg 
601 ccaggaagct gtggtggtgg agcttoagtg ttcgogggac tocagggact gtcctttcct 
661 gatatectca oacttcctoc tggaigatgg catggagact agaagacagt ttgotataaa 
721 gaaaacotct gaagsctgoa-a gtgaatactt tgaaaattac attgaagaao tgaagaaaca 
781 aggatttcta ctaagagaac attteacaoc tgaagcaacc oaattagcat ctgaacaatt 
841 gcaagcattg ottttggagg aagtaatgaa ttcaagcact ctgagcoaag aggtgagcga 
901 tttagtagag atgatttggg cagaggccct gggccacctg gaaoacatgc ttotcaagcc 
961 agtgaacagg attagcctca acgatgtgag caaggeagag gggattctcc ttctagtaaa 
1021 ggcagcactg aaaaatggag aaacagcaga gcaattgcaa aagatgatga cagagtttta 
1081 oagactgatacctcacaaag gcacaatgcc caaagaagtg aacctgggac t&ttggctaa 
1141 gaaagcagac otetgccagc taataagaga catggttaai gtotgtgaaa ctaatttgtc 
1201 caaacccaac ccaccatccc tggccaaata cogagotttg aggtgcaaaa ttgagcatgt 
1261 tgaaoagaat astgaagaat tteteagggt tagaaaagag gttttgcaga atoateaoag 
1321 taagagocca gtggatgtct tgcagatatt tagagttggc agagtgaatg aaaccacaga 
1381 gtttttgagc aaaottggta atgfcgaggcc cttgttgcat ggttctcotg tac&aaacat 
1441 ogtgggaatc ttgtgtagag ggttgctttt aoccaaagta gtggaagato gtggtgtgpa 
1501 aagaacagac gtoggaaacc ttggaagtgg gatLtatttc agtgattcgc tcagtacaag 
1561 taicaagtac tcacacccgg gagagaoaga tggoaccaga ctcctgctca tttgtgacgt 
1621 agccctogga fcagtgtatgg acttaoatga gaaggacttt tccttaactg aagcaccaco 
1681 aggctacgac agtgtgcatg gagtttcaca aaoagcctct gtcaccacag actttgagga 
1741 tgatgaattt gttgfcctata aaaccaatca ggttaaaatg aaatatatta ttaaatttto 
1801 catgcctgga gatcagataa aggactttoa tcctagtgat oataotgaat tegaggaata 
1861 cagacctgag ttttca&att tttcaaaggt tgaagattejc cagttaccag atgccaaaac 
1921 ttccagoagc accaaggccg goctccagga tgcttetggg aacttggtto ctetggagga 
1981 tgtccacatc aaagggagaa tcatagacac tgtagcccag gtcattgttt ttcagacata 
2041 cacaaataaa agtcacgtgc ccattgaggc aaa^tatatc tttectttgg atgacaaggc 
2101 cgctgtgtgt ggcttogaag ccttcateaa tgggaagcac atagttggag agattaaaga 
2161 gaaggaagaa gcccagcaa.g agtacctaga agccgtgaco cagggccatg gogcttaect 
2221 gatgagtoag gatgctccgg acgtttttac tgtaagtgtt ggaaacttac cccctaaggo 
2281 taaggttctt ataaaaatta cotacateao agaactcagc atoctgggca otgttggtgt " 
2341 ctttttcatg cccgccacog tagoaccotg gcaacaggac aaggctttga atgaaaacct 
2401 tcaggataCA gtagagaaga tttgtataaa agaaatagga acaaagcaaa gcttctcttt 
2461 gactatgtct attgagatgc cgtacgtgat tgaattaatt ttcagtgata eteatgaact 
2521 gaaac a aaag cgcacagaot goaaagctgt cattagcacc atggaaggca gctcottaga ' 
2581 cagcagtgga ttttctctco acatcggttt gtctgctgcc tatcteccaa gaatgtgggt 
2641 tgaaaaacat ccagaaaaag aaagcgaggc ttgcatgctt gtctttcaac ocgatctcga 
2701 tgtcgaocte octgaectag ccaatgagag cgaagtgatt atttgtcttg actgctocag 
2761 ttccatggag ggtgtgacat tcttgcaagc oaaggaaatc gccttgcatg ogctgtcott 
2821 
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2881 ttcgtatcct aagcatatca caagcaatac cgoggcagca gagttoatea tgtotgccae 
2941 acctaccatg gggaacacag acttotggaa aaaactccga tatcttagct tattgtaccc 
3001 tgctcgaggg tcaoggaaca tcotectggt gtctgefcggg oacctocagg atgagagcct 
3061 gacattacag otcgtgaaga ggagccgqcc geacaccagg ttattogcct gcggtatcgg 

5 3121 ttctaragraaatogbc^gte 

3181 atattttaat gcaaaatcca agcatagttg gagaaaaeag atagaagacc aaatgaccag 
3241 gctatgttot ccgagttgcc actetgtetc cgteaaatgg cagcaactca atccagatgc 
3301 gcccgaggcc ctgcaggccc cagcceaggt gccatccttg tttegcaatg atcgactcct 
3361 tgtctatgga ttoattecte actgcaoaca ggcaactctg tgtgoactaa ttoaagagaa 

1 0 3421 agaattttgt acaatggtgt cgactactga gottcagaag acaactggaa ctatgateca 
3481 caagctggca gccegagcts taatcagaga ttatgaagat ggcattettc acgaaaatga 
3541 aaccagtcat gagatgaaaa aacaaacctt gaaatctctg attattaaae tcagtaaaga 
3601 aaactctctc ataacaoaat ttacaagott tgtggpagtt gagaaaaggg atgagaatga 
3661 gtcacctttt ortgatattc caaaagttte tgaacttatt gccaaagaag atgtagactt 

15 3721 cctgccctac atgagctggc agggggaacc ooaagaagcc gtcagg^aoc agtetotttt 
3781 agcatcctct gagtggccag aattaegttt atocaaacga aaacatagga aaattccatt 
3841 ttooaaaaga aaaatggaat tatotcagccagaagtttct gaagattttg aagaggatgc 
3901 cttaggtgta ctaccagett tcaoatcaaa tttggaacgt ggacgtgtgg aaaagctatt 
3961 ggatttaagt tggacagagt eatgfcaaacc aacagcaact gaaccactai ttaagaaagt 

20 4021 cagtecatgg gaaaeatcta cttotagctt ttttcctatt ttggetecgg ccgttggtte 
4081 ctatottacc ecgactacccgcgctcacagt^ 

4141 tcaggtagot agtttscggtt cagctgctcctcccagacagfttgatgcat ctcaattcag 
4201 coaaggocct gtgcctggoa cttgtgptga ctggatccca cagtoggcgt cttgtcccac 
. 4261 aggacctccc ©agaaccoac cttctgcaco ctatfegtggc attgtfctttt oagggagotc 

25 4321 attaagctct gcacagtctg ctccactgca acatcctgga ggctttacta ocaggccttc 
4381 tgctggpaco ttccctgagc tggattctec ccagcttcat ttetctctto ctacagaccc 
4441 tgatcccato agaggtmg ggtottatoa teoc^tgct ta^otcctt ttcattttea 
4501 accttccgpa gcctctttga etgecaaect taggctgcca atggcctetg ctttacctga 
4561 ggctctttgc agtoagtcce ggactacccc agtagatcto tgtettctag aagaatcagt 

30 4621 aggcagtoto g&aggaagtc gatgtoctgt etttgctttt caaagttctg acacagaaag 
4681 tgatgagcta teagaagtac ttcaagacag ctgcttttta caaataaaat gtgatacaaa 
4741 agatgaoagt atecogtgot ttctggaagt aaaagaagag gatgaaatag tgtgpacaca 
4801 aoactggcag gatgctgtgc ottggacaga actcctcagt ctacagacag aggatggctt 
4861 ctggaaactt acaccagaac tgggaottat attaaatctt aatacaaatg gtttgcacag 

35 4921 ctttcttaaa caaaaaggca ttcaatctct aggtgtaaaa ggaagagaat gtetcctgga 
4981 cctaattgoo acaatgctgg tactaoagtt tattcgcacc aggttggaaa aagagggaat 
5041 agtgttcaaa tcactgatga aaatggedtga cccttctatt tecaggaata ttecctgggc 
5101 ttttgaggoa ataaagcaag ©aagtgaatg ggtaagaaga actgaaggac agtacccatc 
5161 tatctgocca cggcttgaac tggggaacga ctgggaotct gccaocaagc agtfgctggg 

40 5221 actpeagcco ataagcactg tgtcocctot tcatagagte ctccattaca gtoaaggcta 
5281 agtcaaatga aactgaaitt taaacttttt gcatgcttct atgtagaaaa. taatoaaatg 
5341, ataatagata ottataatga aacttoatta aggtttcatt cagtgtagca ^ttactgtot 
5401 ttaaaaatta agtggaagaa. gaattacttt aatcaactaa caagcaataa taaaatgaaa 
5461 cttaaaat 
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Figure 6 

1 ctagaattca gcggecgctg aattctaggc ggcgoggogg egacggagca caggcggcgg 1 
61 cagggogaga gcattaaatg aaagcaaaag agtt&ataat gggaaoacgg ctccagaaga 

5 121 ctcttcccct gccaagaaaa ctcgtagatg ccagagacag gagtegaaaa agatgcetgt 

181 ggctggagga aaagotaata aggacaggae agaagacaag caagatggta tgccaggaag 
241 gtcatgggco agcaaaaggg tctetgaatc tgtgaaggcc ttgotgttaa agggcaaagc 
301 tectgtggao ccagagtgta cagccaaggt ggggaaggct catgtgtatt gtgaaggaaa 
361 tgatgtctat gatgtcatgo taaatcagac c&atotccag ttcaaoaaca acaagtacta 

10 421 tctgattoag otaltagaag atgatgccoa gaggaactte agtgtttgga tgagatgggg 
4S1 ccgagttggg aaaatgggao agcacagcct ggtggcttgt tcaggcaato tcaacaaggc 
541 caaggeiaatc tttcagaaga aattccttgaca&aacgaaa aacaattggg aagatcgaga 
601 aaagtttgag aaggtgcctg gaaaatatga tatgetacag atggactatg coaccaatac 
661 tcaggatgaa gaggaaacaa aaaaagagga atetottaaa tctcccttga agccagagtc 

15 721 acagctag&t cttcgggtac aggagttaat aaagttgatc tgtaatgttc aggocatgga 

7S1 agaaatgatg atggaaatga agtataatac caagaaagoo ccacttggga agctgacagt 
S41 ggoacaaatc aaggcaggtt accagtctet taagaagatt gaggattgta ttcgggctgg 
90 1 ccagoatgga ogagctetca tggaagcatg caatgaattc tacaccagga ttcogcatga 
961 ctttggactc cgtactcctc caotaatccg gacacag&ag gaactgtcag aa&aaataca 

20 1021 attactagag gctttgggag acattgaaat tgctattaag ctggtgaaaa oagagctaca 
1081 a&gcccag&a cacccattgg accaacacta tagaaaccta cattgtgcct tgcgccccct 
1 141 tgaccatgaa agttacgagt tcaaagtgat ttcccagtao ctacaatcta cccatgctcc 
1201 cacacacagc gactatacca tgaccttgot ggatttgrtt gaagtggaga aggatggtga 
1261 gaaagaagoc ttcagagagg accttcataa caggatgctt ctatggoatg gttccaggat 

25 1321 gagtaactgg gtgggaatct tgagcoatgg gcttcgaatt gcceaccctg aagctcccat 
1381 cacaggttac atgtttggga aaggaatcta ctttgctgao atgtcttcca agagtgccaa 
1441 ttactgcttt gcctctogco taaagaatac aggactgatg ctcttatcag aggtagctot 
1501 aggtcagtgt aatgaactac tagaggccaa tcctaaggcc gaaggattgc ttcaaggtaa 
1561 acatagcacc aaggggctgg gcaagatggc tccoagttct gcccaottcg tcaccctgaa 

30 1 621 tgggagtaca gtgccattag gaccagcaag tgacaoagga attctgaatc cagatggtta 
1681 taccetcaac tacaaigaat atettgtata t$accccaac caggtccgta tgcggtacct 
1741 tttaaaggtt cagtttaatt tocttsagct gtggtgaatg ttgatcttaa ataaaccaga 
1 801 gatctgatct toaagcaaga aaataagcag tgttgtactt gtgaattttg tgatatttta 
1S61 tgtaataaaa actgtaoagg tetaaaaaaa aaaaaaaaaa aaaaaaaaaa 

35 // 



Figure 7* 



40 I tgggactggt cgcctgactc ggcctgoocc agcetctgct tcaccccact ggtggceaaa 

61 tagccgatgt ctaatcccco acaeaagcto atecccggcc tctgggattg ttgggaatto 
121 totccotaat tcaogcctga ggctioatgga gagttgotag acctgggact gccctgggag 
181 gegcacacaa ecaggccggg tggoagocag gacctotcco atgtccctgc ttttcttggc 
241 catggjctGca aagecgaagc ectgggtaca gactgaggge cctgagaaga agaagggccg 

45 301 gcaggcagga agggaggagg acoccttccg otccaccgct gaggccctca aggccatacc 
361 cgcagagaag cgoataatoc gcgtggatcc aacatgtcoa ctcageagca acccogggac 
421 ocaggtgtat gaggactaca actgcaccct gaaccagaco aaoatcg^ga acaacaaoaa 
451 caagttctac atcatecagc tgctccaaga cagcaaccgc ttcttcacct gctggaacog 
541 ctggggccgt gtgggagagg tcggccagtc aaagatcaac cacttcacaa ggetagaaga 

50 601 tgcaaagaag gactttgaga agaaatttcg ggaaaagacc aagaacaact gggcagagcg 
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c+otcteaoc ce£Scaagta cacaottato gaagtac&gg cagaggatga. 

inS i ™aXteo tgslff*SS= geasatog»s olggoocagg ccetgcaggc 

Si cattctggtg ggcgtgttgg oaagggcate ttf*grt e*£g« 

2221 cotttaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaa 



10 



15 



30 Figure 8 



• 1 cgaaga^c gicstc^ cgg-g at-|cac« ^tcatcaa SES55 
61 agceagcocc aggggctfcoa cggcclgcgg cctggceccc tecgcctccc 

121 tggcccaggg gaaoacecca 9=°"*°°°* SSSSStSS ggafeccgcca gaeaggccce 
35 191 oicggcacgg oatagagctg ocggagggSS l acC!B gIaca ahctgtaccg 

* 241 gatcocegga eocggttgac 99t*»»9°b |««™|^ *g«gStggg gtcgocecca 

SOI Icgecgccgc "acgtggto ^gaggttt ttableclll act*.**** 

. «l aatettccto wcatcrtsc ^"cga gWW Iglgaoaggg gtaccagcag 
40 ftfil ttagcagcac K25E cclgfccgcaa tggggacgtg toccgggta* 

541 tgagcggsec ec ** a J*?™ aacrcafatl caalggtcat ggccggccgg aagtetcctc 
601 agaggctggt ggacgoggca »W»m*& *™| fc agaacaeeca ctaeagatgg 
661 cccmgcactt <*eW9S£ gSL2 a gittcataat gcetgttott 

721 gegetaatgfc ceacgctcgt sa^.^ 3 *? Zotseeaasra agctgatcea aacgceaggg 
45 781 ttggccatge ^gaggttgtg ^ctgttat t9tsccaagg gatgtgtgc a 

841 ataa«ggaa C*atacaC« C «gtiaegaag olltganggs **atcag C ce 

301 ttgegetgct geagcaogga Sctgacccaa aca* cgg^ tga &,: a caag aaagacg&ac 
961 tggaccnggc agaccctwa 9««^ctg tccttjc gg * &ctQ aC * cctcta a 
1031 cootagaagc tgcfcaggagt E^taatga^ aaaaa Staoaeeta goagcgggot 

50 1081 acgtgaattg =catgoaagt gjjgj^ egc tgatgtt catgcaaaag 

1141 acaacagagt tcgaatagtt ^oetotw teeagcacgg ^ gaa g toa fl*g 
1201 acaaaggtgg acttgfcgcct «ctoataatg tocctggcag ttraetcefto 

un aactgctaac aaagcatgga f^tgtgtEa »W^|g agacatggC g 

. 55 Si 3SH2E 3253 5382 =5A* — 
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3,441 agc'fctaggga gagattgaoc babgaafctba aaggtaafctc Wtactac&a goagcaagag 
IS 03- aagcagactr agotaaagbb *aaaaaacac tcgctctgga satcfaetaab tfccaaacaaa 
1561 cgcagtcfcca hga&aeagca ctgcactgtg ctgtggoacc bctgeatccc a&acgcaa&a 
1621 aagtgacag* attgtfcactt agaaaaggag caaatgbtaa tgaaaa&aat aaagatttca 
5 3.681 tgactcccct gaatgtcgca gecgaaagag cocataatga tgtc&tsggaa gtbotgcata 

1741 agcatggcga caagatgaat gcaetggaaa oactcggtca gactgcttcg catagagcag 
1891 ccctagcagg ccaectgcag acafcgccgcc bccfegetgag btjacggctct gacoootcca 
1861 tcabctoact ac$aggcbte acagcagcae agabgggcaa tgaagcagtg oagcag&t&c 
1921 fcgagtgtgag ttaoggotot gaocccbcoa tcatcecett acaaggatta acagcagcac 

10 iSfll agacgggcaa tgaagoagcg cagcagatbc fcgagbggtca tfccgtagata gfcgatoattG 

2041 taetccagcc ttaafcggtga tctbgagacg ggaagatbta gaaggaaatc fcatceagcab 
2101 gtotfccactg tcaacabgaa gagbacaccb afcacgbactfc ctgatgtsega fctafccgactc 
2161 ttagaggcafc ctaaagctgg agaotcggaa acfcgtgaagc aacttbgoag cbcteaaaat 
2221 gbgaafctgba gagacttaga gggccggoat tcoacgoact taeaattcgc agcaggcfcac 

15 2281 aacagagtac acacatacgt aoctctgatg tfcgatfcabcg actcttagag gcatctaaag 

2341 ctggagactt: ggaaaatgbg aagcaacttft goagctctca aaatgbgaats fcgtagagact 
2401 tagagggcog gcafctocacg qocteacaot bcgcagcagg ctaoaaccgo gtgtocgbtg 
2461 tagagtacat gctacaccac ggfcgacgabg tccatgeaaa agacaagggn ggcttggtgc 
2521 cccttcafcaa fcgcccgtbca tatggacact atgaggtggc bgagotteca gtaaggcatg 

20 2581 gggcbtctgfc csafcgtggcg gacbtafcgga aabbtwcec fccfcacacgaa gcagcageca 

2641 aaggaaagta tg^aafccbgo aogctccttt taaaaoafcgg agcagaecca actaaaaaga 
2701 saagagatgg aaatacacct fctggatttgg taaagga&gg agacaaagab abfccaggacb 
2761 feaccgaaagg ggatgctgct fctgbtggatg Gtgccasgaa gggcbgcJatg gcaagagtgc 
2621 agaagctctfir caccecagag aabateaaab* gcagagacao ccagggaaga aattoaaccc 

25 2Sfli ctctgoacob ggcagcaggc tataataacc fcggaagbaga tgaatatctt etagagcatg 

2941 gagetsgatgt fcaatgccaag gacaagggtg gtttaabtcc tefctcafcaat geggcancte 
3001 atgggc&trgt bgaoafcagcg gettbafctga taaaafcacaa cacgtgtgba aatgcaadag 
3061 ataagfcgggo gfcbt:&ctcao Ofcccatgasg cagcccagaa aggaaggacg aagocgtgcg 
3121 ccctcctccfc agcgcacggb gaagaoccoa ccatgaagaa ccaggaagga c&gacgcctc 

30 3161 tggabcbggc aacagctgac gatataagag c&ttgctgat agatgoc«g ccccoagagg 

3241 ccttacctac ccgttttaaa actcagggca ctgtagtgag bgcabctctg aectoaceag 
3301 cafcccaeecc atflctgcctc ecggcbgaca gc'agaataga caaccteact ggcccbttag 
3361 cagagttgge agtaggagga ^conccaabg caggggatsgg cgcogcggga acagaaagga 
3421 aggaaggag^ agttgctggb . cttgacsatgg. ataccagcca antbcts^aa ageoKfcggoc 

35 3481 fctgaaeacfct tegggabatq ttbgaaacag aacagabtac actagafcgfce ts^gctgafca 

35*1 tgggtoabga agagtfcgaaa gaaataggca taaatgcata tggrgcaccgq cacaa^caa 
3601 fcaaaaggagt ag^aagaotd tfcaggtggac aac^aggoac oaatcctt&fc tbgacbbtta 
3661 actgtgttaa bcagggaacg attfctgccgg atcbtgctcc ag^agataaa gaatatcagb 
3721 cagtggaaga agagsbgcaa agtactabtc gagaacacag agabggtggt aatgacggcg 

40 3761 gaatcttcaa oagftttacaat gtcattcgaa ttcaaaa^gc fcgtcSLacaag aagttgaggg 

3641 agcggttctg ocaccgacag aaggaagcgt obgaggagaa bcacaaccat . cacaatgagc 
3501 gcatgttgtt ceatggttcb cotttoatta atgccabtat neacaaaggg tttgatgagc 
3351 gacatgcaba cacaggagga atgttbgggg oogggatbta ttbtgctgaa aadtctbeaa 
4021 aaagcaaeoa abatgtttat ggaabtggag gaggaacagg ofcgccccaca caaaaggaca 

45 40B1 ggtcatgcca tafcaegtoac agaoaaatgc tottcbgtag agtgaccctb gggaaatccb 

4141 ttteegcagtt tagcacgarg aaa.acggccc aegcgcctoc agggaacoac tcagbcabtg 
4201 gtagaccgag ogtcaatggg ctggcacabg ctgaatabgt catctacaga ggagaacagg 
4261 cabacacaga gtatcttato aattaacaga tcatgaagaa agaagcccot tcccag^ccg 
4321 caa^agcogc ?igageagaag acctagtgaa tgctffcgctgg tgaaggccag atoagafcttc 

50 4381 aaoobgggac bg^abtaaag aggaccgbbt cbaafcaacaa catcaatatb ctagaagfcca 

- - - 4441 ctgacagacJt agaaataagc tgtttgtett ctataaagea ttgobatagt g 



Figure 9 

1 cgcgoogcot cgctagccga aacctg&cca gccggtgccc ggccactgcg cacgogcggg 
55 61 acgacgtcac gtgcgctccc ggggotggac ggagctggca ggaggggcct tgcoagcttc 

121 cgccgccgcg tcgtttcagg acccggacgg cggattcgcg ctgo^toogc cgccgcgggg 
181 cagcoggggg goagggagcc cagcgagggg ogcgogtggg cgcggccatg ggactgogcc 
241 ggatccggtg acag^iggga gccaagcggc ccgggccctg agcgcgtctt rtccgggggg 
301 cctcgccrto ctgfltcgcgg ggccggggctcotgcftccgg ttgotggogo tgttgctggc 
60 361 tgtggcggcg gccaggatoa tgfcgggtcg cogctgcgcc ggcgggggag cggoctgogc 
421 gagogccgcg gcogaggccg tggagccggc ogccogagag ctgttcgagg cgtgccgoaa 
4S1 ogg^acgtg gaacgagtca agaggctggt gacgcctgag aaggtg&aoa gccgcgacac 
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541 ggcgggcagg aaatccacoc cgctgoartt cgccgcaggt tttgggcgga aagacgtagt 
601 tgaatatttg ctteagaatg gtgcaaatgt ocaagoacgt gatgatgggg gocttattce 
661 tcttcataat gcatgctctt ttggtoatgo tgaagtagtc astotecttt tgcgacatgg . 
721 tgcagaeccc aatgctogag ataattggaa ttatacrtcct ctccatgaag ctgcaattaa 
781 aggaaagatt gatgtttgoa ttgtgctgtt aoagcatgga gctgagceaa ccatecgaaa 
841 tacagatgga aggacagcat tggatttagc agateoatet gccaaagcag tgottaotgg 
901 tgaatataag aaagatgaac tcttagaaag tgccaggagt ggcaatgaag aaaaaatgat 
961 ggctotacto acaccattaa atgtcaactg ccacgoaagt gatggcagaa agtcaaetcc 
1021 attaoatttg gcagcaggat ataacagagt aaagattgta cagctgttac tgcaacatgg 
1081 agctgatgte catgctaaag ataaaggtga tetggtacca ttacacaatg cctgttctta 
1 141 tggtoattat gaagtaactg aaottttggt caagcatggt gcotgtgtaa atgcaatgga 
1201 cttgtggoaa tteactcctc ttcatgaggo agottetaag aacagggttg aagtatgttc 
1261 tcttctctta agttatggtg cagacccaac actgctcaat tgteacaata aaagtgctat 
1321 agacttgget ccoaoaccao agttaaaaga aagattegca tatgaattta aaggccacta 
1381 gttgctgcaagctgqacgagaagc^ 

1441 aatggfegaat ttoaagcato ctcaaacaca tgaaacagca ttgcattgtg ctgctgcato 
1501 tccatatccc aaaagaaagc aaatatgtga aotgttgctaagaaaaggag caaacatoaa 
1561 tgaaaagact aaagaattet tgactcctct gcacgtggca tetgagaaagctcataatga 
1621 tgttgttgaa gtagtggtga aaoatgaagc aaaggttaatgctctggata atcttggtca 
1681 gacttctcta cacagagctg catattgtgg tcatctacaa acotgccgoc tactcctgag 
1741 ctatgggtgt gatcctaaca ttatatccot tcagggcttt actgctitac agatgggaaa 
1801 tgaaaatgta eagcaactec tccaagaggg tatctcatta ggtaattcag aggpagaeag 
1861 acaattgctg gaagctgcaa aggctggaga tgtegaaact gtaaaaaaaa tgtgtaotgt 
1921 tcagagtgto aaotgcagag acattgaagg gcgtcagtct acaccacttc atfttgcago 
1981 tgggtataac agagtgtccg tggtggasfca totgctacag catggagctg atgtgcatgo 
2041 taaagataaa ggaggccttg taootttgca caettgcatgt:tcttatggac, : attatgaagt 
2l0i tgoagaactt cttgttaaao atggagcagt agttaatgta gctgatttat ggaaatttac 
2161 acctttacat gaagcagcag caaaaggaaa atatgaaatttgcaaacftc tgotccagca 
2221 iggtgcagac cctacaaaaa aaaacagggatggaaatact ootttggatc ttgttaaaga 
2281 tggagataca gatattcaag atctgcttag gggagatgca gotttgctag atgctgccaa 
2341 gaagggttgt ttagccagag tgaagaagtt gtcttctcct gataatgtaa attgccgcga 
2401 taoccaaggc agacattcaa caccttfcaca tttagcagct ggttataata atttagaagt 
2461 tgcagagtat ttgttacaac acggagotga tgtgaatgcc caagacaaag gaggacttat 
2521 tcctttacat aatgcagcat ottacgggca tgtagatgtigcagetctac taataaagta 
2581 taatgcatgt gtcaatgcca cggacaaatg ggctttcaca octttgcacg aagcagccca 
2641 aaagggacga acacagcttt gtgctttgtt gctagcocat ggagotgacc egactettaa 
2701 aaatoaggaa ggacaaacac otttag&ttt agtttcagca gatgatgtea gcgctcttct 
- 2761 -gaeagqagcc atgcccccat . ctgctetgcc ctcttgttec aagcctcaag tgctcaaigg 

2821 tgtgagaago ccaggagcca c*gcagatg& tctotcttca^ggmoatcta gcco^aag - - - - 
2881 cctttctgca gcoagcagto ttgac&actt atctgggagt ttttcagaac tgtcttcagt 
2941 agttagttca agtggaacag agggtgctto oagtttggag aaaaaggagg ttccaggagt 
3001 agattttagc ataacteaat togtaaggaa tcttggactt gagoacctaa tggatatatt 
3061 tgagagagaa cagatcactt tggatgtatt agttgagatg gggcacaagg agctgaagga 
3121 gattggaatc aatgcttatg gacataggca oaaaotaatt aaaggagtcg agagacttat 
3181- ctccggaoaa caaggtctta acccatattt aactttgaao acctrtggta gtggaacaat 
3241 tcttatagat ctgtctcctg atgataaaga.gtttcagtet gtggaggaag agatgcaaag 
3301 tacagttoga gagcaoagag atggaggtca tggaggtgga atcttoaaca gatacaatat 
3361 tctcaagatt cagaaggttt gjaacaagsta aotatgggaa agatacactc accggagaaa 
3421 agaagtttct gaagaaaacc acaaccatgc caatgaaoga atgctatttc atgggtctco 
3481 ttttgtgaat gcaattatcc acaaaggctt tgatgaaagg catgcgtaca taggtggtat 
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3541 gtttggag* gg^ttg^Ct^^^^^ 

3961 aaaaaaaatc atottgocca cag^gtg S«lZSt 
ami acattcteao ttgaiaaagc tttaataatg tacagtgttt totaaatatt tcotgttro 
10 X £££ 2£S> attocaggtt aaactgggtt *ri£f"*»"« 
4141 aiittaaot tgaacctttt atatgrtatg cattgattct ^^SL^^. 
4201 afagaactaatttt^taat acaatactgt gttctttaaa acacagcEtt ta^^at 
426 ^aatrtcatttgtaaaact gtaaataaga gettttgtac togocoa^attot^a 
4321 ttgotttgta atSaaatct gttttagaac tgcagcggtttacaa^ t^atj 
15 4381 attgttitc tatacttoat cttacatcgt Catgattgag tgf^f^^ . 2 
1 Slaga^ctatgttoag^ . 

4501 SScttta tctgtcatta gaaatcittc taatttaaga acttatgaat 
4 l": 3 F D 1_; aoacattcca aaeagctota actatgatag 



20 
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30 



46B1 ttttctgcagtccttetgtg aaaattagag caflfl S^f g^a^a 
4921 t<^clma<*ggtttta^ 

4981 aacttaaccc agaaotataa aatgtagttg tttcagtaco cttoaggcct «*SU*fe8 
Zl\ Sactecast Siaoaggtg cttcctgctc ctgggttte totcoatgat ffc^cc* 
fo S^&SU-catatggtgacc, ^W^S 
5161 aoSagaa ggaaatgctg tcccataaaa tgccatccct atttotaate taa ^^ 
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5401 ctgtaaatta actggccctttgcagtaaottgtacaxaaa 
5461 SSag taaSgttaa tcagagtaag tgcatttotg gagttgtttc tgtgatgtaa 

5581 taatittac aaatatecga aagtaatttc ttggaaoacaagtggagtot gct^aMttt 
Hi atateaattt tteagattat ctaagcttoc aggttttata attagaagat aatgagagaa 
sloi ~Stotc aacta^o^a^ta^ 

5821 alSSa^SfaaSattS^gtgt gWccat gaatgaatat^ 
, ft Sg^tgttagc atggcagcat tttoagatag ctttttgttt 

6001 aSSaatgc tttttctttt gttttgggat tttttttttt gaagtgaaatttaactLttt 
6061 Slagtagtactattato cccatcttca gtg**ta<* tgtactgtat caaatt^at 
6?21 SSaattcttaat aaaactgtte acttgtaaaa aaaaaaaaaa aaaaaaaaaa 
45 61 SI aaa&aaaaa 

Figure 10 

1 ogcccgccca gccccggggg cagggaaagc ctaaattacg gaattaccgc gagcaaggag 
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61 cacESaatcg gggagcgtcc ggagctagct ggatcctcta ggcaggatgg tgatgggaat 
121 ftttgcaaat tgtatcttct gtttgaaagt gaagtactta cotcagcagc agaag**aa 
Si gtfacaaactScattaagg aaaatggcgg aaagtttcc ttttcgttaa atecteagtg 
Si Scacatata atcttagata atgotgatgt tctgagtoag taccaactga attctateca 
5 301 aaagaaccac gttcatattg caaacccaga ttttatatgg aaatetatca gagaaaagag 
36 actStggat gfcaaagaatt atgatectta taagcccotg gacatoacac cacctectga 
421 tea^Scg agcagttctg aagtgaaaac agaaggtctatgcccggaca gtgcoacaga 
481 SSSac itg^aac toactgagtt tggtatgcag aatgttgaaa ttootcatct 
54 StcLgat tttgaagttg caaaatataa caccttggag aaagtgggaa tg^SSfSf 
10 €01 ccaggaagct gtggtggtgg agctteagtg ttcgcgggac t**aggga*t gtoc^t 
661 gatatootoa cacttocteo tggatgatgg catggagact agaagaoagt ttgotataaa^ 
721 Saaacctct gaagatgcaa gtgaaiaotttgaaaattac attgaagaac tgaagaaaca 
781 aggatttcta ctaagagaac stttoacacc tgaagcaacc oaattagcat ctgaacaatt 
841 iigcattscttttggaggaagt^tgaattQaagoactotgagccaaga^ga^ga 
15 901 SagUgag atgatttggg oagaggccct gggocacotg gaacacatgc ttajjwgeo 
961 agteaacagg attagoctca aogatgtgag caaggcagag gggattotoc ttctagtaaa 
ii Si Sascits aaaaatggag aaaoagcaga goaattgcaa aagatgatga cagagtttta 
Ssl WW caaagaagt* aacctggga^ tattggcUa 

1141 gatagcagac cttfgccagc taataagaga oa *^^tg^c^c 
->n 1201 caaacccaac ccaocatacc tggooaaata ccgagctttg aggtgcaaaa ttgagcatgt 
1261 tgaacagaat actgaagaat ttctaagggt tagaaaagag gttttgcaga ^atcacag 
1321 Uagagccca gtggatgtct tgcagatatt tagagttggc agagtgaatg aaacoacaga 
13 81 gtt£g%o aaSttggta atgtgaggcc cttgttgcat ggttctcotg tacaaaacat 
1441 oatslgaatc ttgtgtcgag ggttgctttt acccaaagta gtggaagate gtggtgtgca 
ne. 1501 aSESac glclgakacStgWee g^ttatttc agtgattogo toagtooaag 
25 1561 SfoaTgtL t JLaSgg gailgaoaga tggcaccaga otcctgctca tttgtgacgt 
1621 agccctogga aagtgtatgg acttacatga gaaggacttt cccttaaotg aagcaccaoc 
1681 SgotacSc ajgigcatg gagtttcaca aacagcctct gtcaccacag artttgagga 
1741 tSsaattt gttgtctata aaaccaatca ggttaaaatg aaatatattattaaattttc 
30 1801 Sgcctgga gatoagataa aggactttcatectagtgat catartgaat tagaggaata 
1861 cagaccSgWaaatttttcaaaggt tgaagattac oagttaeoag^ 8^*° 
1921 ttoragcago aooaaggccg gpctocaggatgcctctggg 
1981 tetccacate aaagggagaatcatagacactgtagcccag gtcattgttt rtcagacata 
2041 cSaaataaa agSW ccattgaggo aaaatatatc ttteotttgg atgacaaggc 
35 2101 cgctgtgtgt ggcttogaag ccttoataaatgggaageac atagttggag agattaaaga 

2161 gSSSs^cagcaag agtacotaga agccgtgaoc cagggccatg gcgcttacct 
2221 iatgtgSg gatgotccgg acgtttttac tgtaagtgtt JfJ*^*^* 5 

2281- ^ggttott ataaaaatta cctacatoac agaactcagc atactgggca otgttggtgt 

2341 ctttttcatg cccgccaccg tagcaccctg ^amgg^aa-g^mga-atgaaaacct 

40 2401 tcaggataca gtagagaaga mgtstaaa agaaatagga ^f^^^ 
2461 ga5atgtet attgagatgo cgtatgtgat tgaattcatt ttcagtgata ^atgaart 
2521 Saacakaag cgoacagact gcaaagotgt cattagcacc atggaaggca gctcottaga 
2581 oagcagtggatWctctoo acatcggttt gtctgctgcs tatotcccaa gaatgtgggt 
2641 ?SSat coagaaaaag aaagcgaggc ttgcatgctt gtctttcaac ccgatotega 
45 2701 l|togacotc cctgacctag ocagtgagag cgaagtgatt att^tcttg adgctccag 
276lSggagggtgtgaoattottgcaag C caagoaaat C ao^g 0 atgc^^ 
2821 ^gteag^gcagaaag taaatattat ocagttcggc acaggttaoa aggagctatt 
IsZX. caagcaatac oacggcagoa gagttoatca tgtc^cac 
2941 acSaocatg gggaacacag acttctggaa aacactccga tatoftagrt ta «^ 
50 3001 tgctcgagggtcaoggaacatcotcctggt gtotgatggg caoctccagg atgagagcct 
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3061 gacattacag ctcgtgaaga ggagccgccc gcacaccagg ttattcgcct gcggtatogg 
3 121 ttetacagca aatcgtcacg tcttaaggat tttgtoccag tgtggtgccg gagtatttga 
3181 aiattttaat gcaaaataca agcatagttg gagaaaacag atagaagacc aaatgacoag 
3241 gctatgttct ccgagttgcc actctgtcto cgtcaaatgg cagcaaetca atecagatgc 
5 330 1 goccgaggcc ctgcaggecc oagcocaggt gccatccttg tttcgcaatg atcgactcct 
3361 tgtctatgga tteattcotc actgcacaca agcaactctg tgtgeactaa ttcaagagaa 
342 1 agaattttgt aoaatggtgt cgactactga gcttcagaag acaactggaa ctatgatcca 
3481 caagctggca gcccgagcto taatcagaga ttatgaagat ggcattcttc acgaaaatga 
3541 aaccagtcai gagatgaaaa aacaaacctt gaaatetctg attattaaac tcagtaaaga 

10 3601 aaactot&tc ataacacaat ttacaagctt tgtggcagtt gagaaaaggg atgagaatga 
3661 gtegcctttt cctgatatte caaaagtttc tgaacttatt gccaaagaag atgtagactt 
3721 cctgccotac atgagctggc agggggagec ceaagaagco gtcaggaacc agtetctttt 
3781 agcatcctot gagtggccag aattacgttt atccaaacga aaacatagga a&attccatt 
3841 tfccaaaaga aaaatggaat tatetoagcc agaagtttct gaagattttg aagaggatgg 

1 5 3901 cttaggtgta ctaccagctt tcacateaaa tttggaacgt.ggaggtgtgg aaaagctatt 
3961 ggatttaagt tggacagagt oatgtaaaoo aacagcaact gaaccactai ttaagaaagt 
4021 cagtacatgg gaaacatata cttotagctt ttttcotatt ttggctccgg ccgttggtte 
4081 ctatettecc ccgjwrtaccc gcgctcacag tcctgpttco ttgtctttfg coteatateg 
4141 teaggtaget agtttcggtt cagctgctcc toccagacag tttgatgcat ctoaattcag 

20 4201 ccaaggccot gtgcotggca cttgtgctga ctggatcccfr cagtoggcgt cttgteceac 
4261 aggacctocc oagaacccac cttctgcacc otattgtggc attgtttttt oagggagcte 
4321 attaagctet gcacagtetg ctccactgca acatcctgga ggctttaota ccaggqctto 
4381 tgctggcacc ticoctgagc tggattetcc ccagcttcat ttctetotto ctacagaccc 
4441 tgatcccatc agaggttrtg ggtcttatca tccotctgct tactetcctt ttcattttoa 

25 4501 accttecgca gcctctttga ctgccaacot taggctgcca atggcctctg ctttacctga 
4561 ggctctttgc agtcagtocc ggaotaccoc agtagatptc tgtcttctag aagaatcagt 
4621 aggcagtcto gaaggaagtc gatgtcctgt ctttgctttt oaaagttotg acacagaaag 
4681 tgatgagota tcagaagt&c ttcaagacag otgctttda caaataaagt gtgatacaaa 
4741 agatgacagt ataccgtgct ttetggaatt aaaagaagag gatgaaatag tgftgcacaca 

30 4801 acactggcag gatgctgtgo ottggacaga actcotcagt ctacagwag aggatggctt 
4861 ctggaaactt acaocagaac tgggacttat attaaatott aatacaaatg gtttgcacag 
4921 ptttcttaaa caaaaaggca tteaatctct aggtgtaaaa ggaagagaat gbotoctgga 
4981 cctaattgcc acaaigctgg tactacagtt tattcgcacc aggttggaaa aagagggaat 
5041 agtgttoaaa teastgatga aaatggatga cccttctatt tccaggaata ttecctgggc 

35 5101 ttttgaggca ataaagcaag oaagtgaatg ggtaagaaga actgaaggac agtacccatc 
5161 tatotgccca cggcttgaao tggggaacga ctgggactct gcoaccaagc agttgctggg 
5221 acteoagcco ataagcaotg tgteocctct tcatagagtc ctocattaca gtcaaggcta 
• 52SX agtcaaatga^aactgaattt tfi^a^tt gcatgottct atg^gaaaa taatcaaatg 
5341 ataaiagateaitataatgaaac^^^ . 

40 5401 ttaaaaatta agtggaagaa gaattacttt aatoaactaa caagcaataa tM,aa*Bfiaa 
5461 cttaaaataa aaaaaaaaaa aaaaaaaaaa 
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